Introduction

25
Living cells live in an environment which slowly changes its chemical and physical properties.
26
In mammalian animals, organs and tissues are generally endowed with a homeostatic capability, 27 which is characterized by internal thermal regulation.
28
A living system can be defined as an open system, so non-equilibrium thermodynamics, can be 29 applied just to living systems [1] .
30
Cancer is no more than a living cell with a different growth behaviour in relation to the cell we 
34
Living cell life, cancer included, is a cyclic process, which starts with the newly separated 
49
• The cytoplasm which is an aqueous solution of molecules that fills the cell interior;
50
• The organelles, suspended in the cytoplasm.
51
The system may contain many substances not initially present in its environment. Many 52 enzymes found in fragments of cytoplasm membranes are often not directly accessible to system 53 environment, while, in the environment, the concentrations of some molecular species decrease in 54 time, and nutrients must flow into the system in order to allow the biochemical reactions to occur 55 and produce macromolecular cell components, with a related increase of the living cell mass and 56
volume [4] . These biochemical reactions require energy. This energy is obtained from the same 57 reactions, which involve the nutrients, with a related waste of heat towards the living cell 58 environment. The net effect of all these biochemical reactions is to reduce the entropy of the system,
59
with an increase of the entropy generation in the environment [5] .
60
The analysis of the chemical species and of their reactions in the living cells have led to some 61 sequences which start with nutrient molecules and end with the formation of living cells substance
62
and waste molecules and waste heat. Too numerous reaction sequences are considered to exist.
63
Moreover, many molecules can be part of more than one sequence, providing coupling of sequences.
64
The characteristics of the living systems have been determined by using batch cultures, grown 
100
Entropy generation always increases in any spontaneous and irreversible evolution.
101
The 
where G is the Gibbs free energy, W  is the useful power done by the cell, n  is the molar flow, 133
Ze 
where Q  is the heat power exchanged, s is the molar specific entropy, and f means formed. This 139 equation highlights as these flows cause entropy variation; moreover, these fluxes imply also a great 
147 which hold to the equation:
which expresses the fundamental role of heat fluxes between the cell and its environment.
150
The equation (5) is very difficult to be numerically evaluated, because it implies the knowledge 151 of all the balance at the second member of the equation for each cell. So, we must find and alternative
152
way to evaluate the cell heat flux.
153
The heat flux is no more than the heat power exchanged by the cell and its environment. We can
154
consider that, inside the experimental setup usually used in the biophysical and biochemical
155
analysis of cells, the heat flux is exchanged by convection with the suspending aqueous solution
156
around any cell, so we can write: 
183
In particular, we wish to highlight that this effect is particularly interesting in the study of the 184 cancer growth compared with normal cell growth, because cancer presents a different metabolic 185 cycle. This is important when we study the cancer growth control. Indeed, we can point out that the 186 equation (9) 
204
How can we try to do so? We can induce a variation in the cell membrane electric potential by 205 using an electromagnetic wave, with a frequency just equal to the proper frequency of our system.
206
The results are summarized in the Table 1 
333
Conclusions
334
In this paper, we have developed the analysis of a thermodynamic approach to cancer cells,
335
with particular regards to the role of the volume-area ratio in the heat exchange and the 336 consequences to the cancer cells behavior.
337
We have pointed out the existence of a proper time of answer of any cell line to the heat 
342
The results highlight how the irreversibility plays a fundamental role also in biophysical 343 systems; indeed, the geometrical rate is completely related to the entropy generation as it is clear by 344
introducing the relation (6) into the relation (2). This holds to a new approach to biological physics,
345
based on the first and second law of thermodynamics.
346
The results here obtained confirm the biochemical results obtained by other scientists who used 
351
of entropy flow between healthy and cancerous cells [31, 32] .
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